We recently developed a new use of the super silyl group in organic reactions, and showed that it has unique reactivity. One of the reactions using this reagent is diastereoselective Mukaiyama aldehyde cross-aldol reaction catalyzed by a highly active Brønsted acid. This reaction produced syn-1,3-diol derivatives with high yield and high stereoselectivity. Certain features and outcomes of the reaction were not clear, so we decided to investigate the reaction mechanism through a theoretical study. In this paper, structures of super silyl species were observed as the subject of study. First 1 and 2 were investigated so that the effect of a TMS group adjacent to a silicenium ion could be determined. Interestingly, it was found that the TMS group stabilized the silicenium ion. It is presumed that the stability of the tris(trimethylsilyl) silicenium ion (TTMSS+) is related to the unique reactivity of super silyl group in theses reactions. We also investigated equivalent structures of silyl enol ethers (SEE) and found an unusual structure of 5. This structure is a result of unusual interactions between the silyl portion and enol ether (EE) portion; 1) C=C and Si-Si bonds, 2) lone pair of oxygen and Si-Si bond.
Introduction
Mukaiyama aldol synthesis is one of the most powerful tools for cross-aldol reactions. 1 We recently reported the diastereoselective Mukaiyama cross-aldol reaction of aldehyde derived silyl enol ethers and aldehydes by using the functionality of the tris(trimethylsilyl)silyl (TTMSS) group, also called "super silyl" 2 and a highly active Brønsted acid (Scheme 1). 3 This reaction generates hydroxy aldehydes in high yield and exceptionally high selectivity. We proposed a "Self-Repair" mechanism in that report, which shows that (TTMSS)NTf 2 is produced through decomposition of the silyl enol ether (Scheme 2). Although there are numerous reports for Mukaiyama aldol reactions, this is the first example for generating the silyl protected hydroxy aldehyde with such efficiency and selectivity. The success is largely due to the super silyl group and reactive Brønsted acid initiator. This report looks at energies and conformations of model compounds associated with the proposed initiation sequence for this reaction. A comparison of an α-silyl silicenium ion with an α-alkyl silicenium ions as well as super silyl enol ethers models with TMS enol ethers was performed to gain insight into the plausibility of this mechanism and to evaluate the effect of the super silyl group. An interesting overlap of HOMO's on the super silyl enol ether was also observed and may help to explain the exceedingly unique selectivities observed with this substrate. 
Results and Discussion
The first aspect we investigated was the stabilizing effect of the moiety adjacent to the silicenium ion (akin to A in Scheme 2). The simplest model was chosen for this purpose: one hydrogen atom of a H 3 Si + cation was substituted by a t-Bu group or a Si(CH 3 ) 3 group and the relative energy was considered. Importantly, there is not an overwhelming difference in the bulkiness of the groups when considering the t-Bu-and TMS-groups. The only significant difference is the atom connected to the cationic center atom (carbon vs. silicon). The results shown in Figure 1 indicate that the silicenium ion appended with the TMS group (2) is more stable than the one with the t-Bu group (1) due to the fact that the values of SiH 3 + and SiH 4 remain the same in the two calculation formulas. That is, the silyl group at the α-position has a net stabilizing effect on the silicenium ion. Interestingly, the sp 3 hybrid structure of the central carbon of the t-Bu group in 1 changed while the structure of the TMS group in 2 preserved its sp 3 hybrid structure. The aforementioned TMS stabilization effect of the α-silicenium ion is interesting because in analogous carbocation structures, silyl group stabilization at the β-position is well-known, 4 but there is a reported destabilization effect at the α-position. 5 The α-silicenium ion stabilization likely arises from the higher polarizability of silicon and the hyperconjugation by Si-C bonds in the TMS group. Therefore, the TTMSS cation is anticipated to be more stable than alkyl substituted silicenium ions supporting the generation and utility of this Lewis acid as shown in Scheme 2. Next we investigated the stability of the super silyl enol ether model (5) and the TMS enol ether (6) as well as the cationic species generated after electrophilic reaction of these silyl enol ethers (3 and 4 respectively) to gain insight into the proposed reaction initiation event. Concerning 3 and 4, the CH 3 CH-O (H-EE) portion is very similar in the two structures while the Si-O bond length and angle of the silyl groups (A(O,Si,C) and A(O,Si,Si)) have some differences (Figure 2) . The longer Si-O bond length and a smaller A(O,Si,Si) in 3 implies that the TTMSS group has a smaller interaction with CH 3 CH-O than the TMS group, that is, the TTMSS group has more cationic property than the TMS group. This arises from the stability of TTMSS-cation species (vide supra). in 6) , showing that the C=C bond and Si-O bond are twisted towards each other. In addition, the structure of 5 suggests that one silicon atom has an interaction with C=C double bond. Further comparing 5 and 6, the structures of the CH 2 =CH-O portion are significantly different. The C-O bond length in 5 is larger than that of 6 (1.380 Å and 1.368 Å respectively). This arises from a lesser extent of conjugation of lone pairs at oxygen with the C=C double bond due to the twist structure. While the Si-O bond length of 5 (1.710 Å) was larger than that of 6 (1.694 Å), the total of angles around the central silyl atom in 5 (Σ A(O,Si,Si) = 324.0˚) were almost same with the value in 6 (Σ A(O,Si,C) = 324.7˚). This is the result of complex interactions in 5. The energy difference of two total values indicated that 5 was more favorable than 6 implying that the TTMSS group will also have a function of stabilizing the EE (Figure 3 ). The electron density of 5 and 6 were calculated and a substantial difference for the HOMO's was observed (Figure 4 ). While no orbital overlap exists between the silyl part and CH 2 =CH-O portion in 6, there is orbital overlap between the silyl part and CH 2 =CH-O part in the case of 5.
There is apparent overlap of the Si-Si σ-bond and the π-bond in CH 2 =CH-O. Interestingly, orbital overlap like this for a SEE has never been reported. There is also overlap of a Si-Si σ-bond and lone pair of oxygen in CH 2 =CH-O part. It is reasonable to suppose that these orbital overlaps are one of the key factors in the unusual structure and the aforementioned stability of 5 as well as the unique selectivity observed in the aldol reactions with this substrate.
Conclusions
Models of plausible intermediates along the proposed mechanism have been probed. Interestingly, a single TMS group adjacent to a silicenium ion has a net stabilizing effect when compared to a t-Bu group. It is therefore believed that the super silyl cation, containing three α-TMS groups would be a relatively stable species, capable of catalyzing the aldol reaction. This stability, as well as the relatively (compared to TMS) high energy intermediate produced when coordinated to an aldehyde supports the high turn over frequency observed. Although no detailed explanation can be made about the high selectivity seen in the aldol reactions, the twisted structure and unusual HOMO overlaps observed in the silyl enol may help to develop a model elucidating the source of these selectivities. 
